Because of the double pancake design of the ITER TF coils the insulation will be applied in several steps. As a consequence, the conductor insulation as well as the pancake insulation will undergo multiple heat cycles in addition to the initial curing cycle. In particular the properties of the organic resin may be influenced, since its heat resistance is limited. Two identical types of sample consisting of wrapped R-glass / Kapton layers and vacuum impregnated with a cyanate ester / epoxy blend were prepared. The build-up of the reinforcement was identical for both insulation systems; however, one system was fabricated in two steps. In the first step only one half of the reinforcing layers was impregnated and cured. Afterwards the remaining layers were wrapped onto the already cured system, before the resulting system was impregnated and cured again. The mechanical properties were characterized prior to and after irradiation to fast neutron fluences of 1 and 2x10 22 m -2 (E>0.1 MeV) in tension and interlaminar shear at 77 K. In order to simulate the pulsed operation of ITER, tension-tension fatigue measurements were performed in the load controlled mode. The results do not show any evidence for reduced mechanical strength caused by the additional heat cycle.
INTRODUCTION
Over the past few years extensive research was carried out in order to find resin systems for the ITER toroidal field coil insulation [1] [2] [3] [4] . It turned out that resin mixtures containing cyanate ester showed excellent properties after exposure to the ITER design fluence of 1x10 22 m -2 (E>0.1 MeV) without any significant indication for radiation induced damage. Since the concerns about the radiation resistance are considered to be solved, our research shifted to additional problems, mainly caused by the complex structure and the size of the magnet coils. The modular build-up requires the insulation to undergo multiple curing cycles, where only the conductor and the pancake insulation will be applied in the first step. The additional heat cycles on an already cured insulation may influence its mechanical properties.
In order to investigate such effects, two sets of insulation systems were fabricated using a new CE/epoxy blend with a cobalt catalyst, which was recently developed by Huntsman, Switzerland. The potlife (where the viscosity remains below 100 mPa s) was extended to more than 50 h in this new resin system [5] . One material was partly cured twice, i.e. plates with half of the thickness were produced in a first step. Afterwards additional glass / Kapton layers were wrapped, impregnated and cured, which simulates the situation for the pancake and ground insulation of the ITER TF coil. For comparison, the second material was fabricated in a single run, but the lay-up of the glass/ Kapton reinforcement was identical.
The materials were characterized under static and dynamic tensile load as well as under static interlaminar shear load at 77 K. In order to check the influence of radiation, mechanical tests were also carried out after irradiation to 1 and 2x10 22 m -2 (E>0.1 MeV).
EXPERIMENTAL DETAILS

Materials
The investigated insulation systems were fabricated by Marti-Supratec Corporation, Switzerland, using the vacuum pressure impregnation (VPI) technique. The reinforcement of the composite consists of R-glass fiber (0.25 x 40 mm) / Kapton HN (0.05 x 36 mm) tapes. The lay-up is summarized in TABLE 1, where "ho" and "no" stands for halfoverlapped and non-overlapped, respectively.
For each insulation system, four wrapped aluminium plates were enclosed by stainless steel plates, which were welded together to form the mould. Press and heat plates were attached to the assembly to compress the wrapped plates and to achieve a more homogeneous temperature distribution (cf. FIGURE 1). Before the vacuum impregnation the mould was heated to 110 °C for 24 h and evacuated to dry the glass fiber tapes. Afterwards the vacuum impregnation was carried out at 55 °C, the curing cycle is described in TABLE 1.
Irradiation and Test Procedures
All static and dynamic tests were carried out at 77 K using a servo-hydraulic MTS 810 testing device, which was modified for measurements in a liquid nitrogen environment. The ultimate tensile strength (UTS) was measured according to DIN 53455 and ASTM D638 (5 samples). Because of space limitations inside the irradiation facility, dog-bone shaped samples of 70 mm length were cut from the sample plates (cf. FIGURE 2). It was shown in many scaling experiments that the dog-bone shape and the smaller size do not significantly influence the results compared to the geometry of the standards [6, 7] . In addition, an extensometer suitable for cryogenic temperatures was used to record the sample elongation during the tensile test. The extensometer was mounted along the tapering, which does not allow the determination of the Young's modulus however it allows conclusions on the quality of the matrix reinforcement interface.
The interlaminar shear strength (ILSS) was determined by the short-beam-shear (SBS) test according to the ASTM D2344 standard (23 x 6.4 x 4 mm 3 sample size, 10 specimen). Span-to-thickness ratios of 4:1 and 5:1 were used to obtain interlaminar fracture. To simulate the pulsed TOKAMAK operation, tension-tension fatigue measurements (ASTM D 3479) were carried out in the load controlled mode at a frequency of 10 Hz and a minimum to peak stress ratio of R=0.1. Each data point refers to 4 or more samples. After 10 6 load cycles the tests were stopped manually. Because of their manufacturing process the materials have anisotropic properties. Therefore, short-beam-shear specimens were cut parallel (0°) and perpendicular (90°) to the winding direction of the reinforcing glass fiber tapes. For the tensile tests, the samples were only cut in 90° direction. In this direction the influence of radiation damage is more pronounced, because the mechanical strength is determined mainly by the fiber/resin adhesion.
The neutron irradiation was done in the TRIGA reactor (Vienna) at ambient temperature (340 K) to fast neutron fluences of up to 2x10 22 m -2 (E>0.1 MeV), which corresponds approximately to a total absorbed dose of 100 MGy [8] . Calculations of the absorbed dose show that the neutron contribution is in the range of 30 %.
RESULTS
Ultimate Tensile Strength
In the unirradiated state no significant effect of the double impregnation is observed. The measured UTS are 324 MPa for T13 and 346 MPa for T14, respectively. Note that slightly higher values are found for the double impregnated samples, but the difference between the two systems is ~ 5 %.
Stress-strain relations were also recorded, in order to qualify the interface between the single and double impregnated parts of the composite. FIGURE 3 shows averaged stressstrain curves calculated from 5 specimens. The curves of both materials are nearly identical over a wide range of strain. Only at stress levels near the ultimate tensile strength small differences are observable, where the double impregnated system shows a slightly better performance, i.e. higher stress and strain values than the single impregnated system. Moreover, the smooth curves without significant load drops indicate excellent bonding properties for both materials. The mechanical properties of both materials are hardly affected by exposure to the ITER design fluence. A small UTS reduction by approximately 10 % is found, slightly above the standard deviation. After irradiation to 2x10 22 m -2 (E > 0.1 MeV), the differences of the mechanical strengths between the single and the double impregnated material are more pronounced. The single impregnated insulation system T13 behaves like the earlier tested CE/ epoxy composites fabricated either with a Co-or a Mn-catalyst. The UTS is reduced by ~ 20 % compared to the unirradiated state [3, 9] . However, the double impregnated samples show an UTS reduction by 30 %, somewhat higher than expected, but still more than adequate for ITER. The results of the static tensile tests are summarized in TABLE 2.
Tension-Tension Fatigue Behavior
To study the influence of the double impregnation under dynamic load, tensiontension fatigue measurements were carried out before and after irradiation to a neutron fluence of 2x10 22 m -2 (E > 0.1 MeV). FIGURE 4 shows the absolute and normalized stresslifetime diagrams (Wöhler curves).
In the unirradiated state, both materials are similar. Especially the normalized Wöhler curves, where the differences of the UTS are eliminated, demonstrate that they are nearly identical at load levels of σ = 0.6 UTS and below.
This situation changes after neutron irradiation to a fast neutron fluence of 2x10 ~125 MPa in the unirradiated as well as the irradiated material. For the double impregnated material T14 a representative characterization was not possible, because the difference between lowest and highest number of survived cycles was more than one order of magnitude at a given load level, which indicates inhomogeneities. However, visual inspection of the fractured specimens did not show any differences between single and double cured material. It's not clear how to explain the enhanced property changes at this fluence level. Since only one half of the material was cured twice, the interface between single and double cured resin is the most likely area for a non-homogeneous stress distribution because of the slightly different degree of curing within the two regions. Also the double cured resin might be more radiation sensitive compared to the less cured resin. However, additional tests will be carried out on materials irradiated to the ITER design fluence of 1x10 22 m -2 (E>0.1 MeV) to get a better understanding. It might be concluded from the static test that the enhanced weakening of the composite starts at neutron fluences above 1x10 22 m -2 (E > 0.1 MeV).
Interlaminar Shear Strength
The ILSS was determined in both load directions. For T14, the double cured region was both in tension and compression side, however the obtained ILSS values are completely overlapping. Therefore the results in TABLE 3 present the average of both configurations. A span to thickness ratio of 4:1 was used for the single cured material T13 whereas 5:1 was necessary to obtain interlaminar fracture for the double cured material T14. Since the interface between single and double impregnated resin is not in the center of the sample the crack was not located along the interface. As for the tensile test specimens, no difference between single and double impregnated material is found in the unirradiated state. In 0° direction the ILSS is ~ 70 MPa, in 90° direction 60 MPa. Neutron irradiation to the ITER design fluence of 1x10 22 m -2 (E>0.1 MeV) does not significantly influence the mechanical properties of both materials. The ILSS is reduced by ~ 5 MPa for the single impregnated material, while for the double impregnated system no change is found. The irradiation to a fast neutron fluence of 2x10 22 m -2 (E>0.1 MeV) is currently under way. As already discussed in the previous section, it is expected that the double impregnated system (T14) shows a higher degradation than the single impregnated material (T13).
SUMMARY
The effects of an ITER like double impregnation on the mechanical properties of cyanate ester /epoxy insulation systems were investigated. The tests were carried out under static and dynamic load conditions before and after irradiation to fast neutron fluences of up to 2x10 22 m -2 (E > 0.1 MeV). The results may be summarized as follows:
• In the unirradiated state, no reduction of the mechanical strength caused by an additional curing cycle is observed. Both under tensile and interlaminar shear load slightly higher values are found for the double cured system. • Irradiation to the ITER design fluence of 1x10 22 m -2 (E>0.1 MeV) hardly affects the mechanical properties. Clearly the cyanate ester systems do not degrade upon irradiation, whereas a reduction by up to 60 % of the ultimate tensile strength and the interlaminar shear strength was found in epoxy systems.
• Especially the tensile tests show a reduced radiation resistance in the double impregnated material as well as enhanced material inhomogeneities emphasized by an increased scatter of the data points under dynamic load after irradiation to 2x10 22 m -2 (E>0.1 MeV).
The additional curing cycles do not negatively influence the mechanical strength before and after neutron irradiation to the ITER design fluence of 1x10 22 m -2 (E>0.1 MeV). Further tests will be carried out in order to get more detailed information on possibly enhanced material inhomogeneities.
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